O ne of the highest acreage oriental vegetable crops grown in Ontario is chinese cabbage (Shattuck and Shelp, 1986) . It is widely used in Asian cuisine and also shipped to many markets in the United States. There are over 400 ha (988.4 acres) of chinese cabbage grown in southern Ontario with an estimated production of 5.7 × 10 6 kg (12.6 million lb) and having an estimated farm value of $3.175 million (Ontario Ministry of Agriculture and Food, 2000a) . Little published information is available on the performance and disease resistance of chinese cabbage cultivars grown in Ontario (Cerkauskas et al., 1998; Shattuck and Shelp, 1986) .
Petiole spotting, a disorder known in Japan as gomasho, has been reported in chinese cabbage in Ontario causing losses in quality (Cerkauskas et al., 1998) . The symptoms occur in the field after head formation and continue to develop in storage. A large number of black spots, looking like sesame seeds, and about 1 to 2 mm (0.04 to 0.08 inches) in diameter, first appear on the midribs of outer heading leaves, then spread to the middle leaves. This disorder has substantial negative effects on quality (Kim and Klieber, 1997) and marketability of chinese cabbage. Chinese cabbage with acute black spots on the petioles in Australia have been rejected from exports (Phillips and Gersbach, 1989) .
Petiole spotting is believed to be caused by excessive nitrogen (Takahashi, 1981) . In the leaves, absorbed nitrate is located in the midribs or veins, and it changes to amino acids in the leaf blades. However, excessive nitrate cannot be reduced fast enough to amino acid, and as a result, nitrite is produced as an intermediate in the midribs. The presence of nitrite has been detected before the spots are completely formed. Heavy nitrogen fertilizer applications, especially after head formation, accelerates this disorder (Phillips and Gersbach, 1989; Takahashi, 1981) , and the number of spotted leaves and intensity of spotting increases on mature heads during cold storage (Phillips and Gersbach, 1989) . Studies conducted in Japan and Australia have shown large cultivar differences in susceptibility to petiole spotting (Phillips and Gersbach, 1989; Takahashi, 1981) . Cultivars that are resistant to petiole spotting have been used in commercial production; however, few of these cultivars are currently grown in Ontario.
Bacterial soft rot is a destructive disease of oriental crucifers, particularly chinese cabbage, in temperate areas of the world (Balvoll, 1995) . Soft rot may also cause major losses to chinese cabbage in Ontario (Cerkauskas et al., 1998) . The disease is most serious when high temperatures are combined with high humidity. Differences in cultivar susceptibility were reported (Balvoll, 1995; Fritz and Honma, 1987; Togashi, 1981) and breeding for resistance has been used as a method of control (Kikumoto, 1981; Nishi, 1981) . Cultural practices such as growing on raised beds, adjusting planting dates to avoid warm temperatures at the heading stage and controlling insect vectors that disseminate the bacteria may also reduce the incidence of soft rot (Balvoll, 1995; Fritz and Honma, 1987; Kikumoto, 1981) .
This study was conducted to identify fall-harvested, nappa-type, chinese cabbage cultivars that are resistant to petiole spotting and bacterial soft rot and that are suitable for commercial production in Ontario.
Materials and methods
Field trials were carried out in a Granby sandy loam soil at the Green- A once-over hand harvest for each cultivar was carried out when the majority of the heads for each cultivar were firm and of a suitable size or before severe freezing injury occurred (1 Nov. 1999). There were two harvest periods each year, one for early maturing cultivars, and one for later maturing cultivars.
Variety Trials
At harvest, all plants in each plot were visually rated for bacterial soft rot (percentage of all plants affected), plant size (1 to 5 rating: 1 = low vigor, small plant size; 3 = moderate vigor; and 5 = very vigorous, large plant size), and in 2000 and 2001, uniformity of harvest maturity (1 to 5 rating: 1 = very uneven maturity (uneven head size); 3 = moderately even maturity and head size; and 5 = all heads uniform in size). The total number of plants and number of marketable heads were counted to determine the percentage of marketable heads. Ten marketable heads, selected at random from each plot, were harvested and mean weight of marketable heads was determined. Head weight was determined after the outer wrap leaves were removed, similar to commercial harvest. Three heads per plot, selected at random, were rated for petiole spotting using a 0 to 5 rating ( Fig. 1) , where 0 = no spotting; 1 = trace of spotting on the petiole; 2 = some spots, scattered on the petiole; 3 = moderate level of spotting, spots concentrated in various parts of the petiole; 4 = high incidence of spotting, sometimes spots coalescing, located throughout the petiole; and 5= extreme incidence of spotting with entire petiole affected. For each head, the number and weight of spotted leaves was recorded by examining each leaf and an average rating for spotted leaves was determined. Two or more heads from each plot were cut in half longitudinally to assess internal disorders. In 1999 and 2000, five heads from each plot were placed in a waxed cardboard box [64 × 31 × 33 cm (25 × 12 × 13 inches)] and held in cold storage at 2 °C and 89% ± 5% relative humidity. After 3 to 4 weeks in storage, three of these heads, selected at random, were rated for petiole spotting as described previously.
Data were analyzed as a randomized complete block design using the General Linear Model (PROC GLM) procedure in the SAS 6.1 package (SAS Institute, Inc., Cary, N.C.). When the GLM procedure indicated a significant effect (P < 0.05), means were separated using Fisher's least significant difference (FLSD) test (P < 0.05). The harvest and storage petiole spotting assessments (1999 and 2000) were evaluated using a pooled analyses of variance procedure for measurements over time from a randomized complete block design. When a significant interaction occurred (P < 0.05) , the harvest and storage assessment times were analysed individually and the assessment times were compared for each cultivar. A correlation analysis (PROC CORR) was performed on plant size and head size to examine for significant relationships.
Results and discussion
Differences in cabbage head and plant size among years were related to temperature and rainfall conditions. The 1999 growing season was dry with above normal temperatures in September (Table 1) . Although supplemental water was applied through irrigation, cabbage head weight and plant size were small in 1999 compared to 2000 and 2001 (Table 2) , which were wetter growing seasons (Table 1) . Head weights were more variable in 1999 (CV = 27%) compared to 2000 (CV = 6%) and 2001 (CV = 9%, Table 2 ). The low percentage of marketable heads for some cultivars in 1999 (Table  2 ) was due to small head size resulting from the poor growing conditions and the late planting date (9 Aug. 1999). The planting date was 2 weeks earlier in 2000 and 2001, compared to 1999. Most of the unmarketable heads in 2000 were due to bacterial soft rot with some cultivars having more than 50% of the heads affected (Table 2) . 'Nikko' had poor quality heads with multiple hearts in many heads and 'Optiko' had many heads with internal breakdown due to soft rot. The unmarketable heads in 2001 were due to soft rot and in some cases, small head size (Table 2) .
'Ohken 75' had the largest head (Table 2) . 'Nikko' and 'Manoko' had the smallest plant size each year tested. 'Optiko', 'Akala', 'Summer Top', 'Orange Queen' and 'Cha Cha' also had below average plant size for each year tested.
Uniformity of harvest maturity was fairly consistent among cultivars, except 'Manoko' (rating of 2.8), which was less uniform in maturity than all cultivars except 'Blues' (rating of 3.2) in 2000. The uniformity of harvest maturity rating for other cultivars ranged from 3.7 to 4.2 (data not shown). The difference in uniformity of maturity among cultivars in 2001 was not significant (P < 0.05, data not shown).
In 1999, when soft rot was not present, 'Blues' had the greatest percentage of marketable heads (80%) and was significantly greater than 'Yuki' (51%), 'TSX 4112' (46%), 'Manoko' (28%), and 'Summer Top' (21%) ( Table 2 ). Bacterial soft rot was the main reason for unmarketable heads in 2000 and 2001 and 'Blues' had a (Table 2) . BACTERIAL SOFT ROT. Cerkauskas (1998) reported that bacterial soft rot caused major losses to chinese cabbage cultivars grown in Ontario, but no information was available on their relative susceptibility. Soft rot was often associated with injuries caused by cabbage maggot, an insect vector, which aids in the dissemination of the bacteria (Balvoll, 1995) . Environmental factors such as air temperature, relative humidity and moisture also affect the susceptibility of chinese cabbage to the soft rot bacteria (Fritz and Honma, 1987) .
During the dry 1999 growing season (Table 1) , only three heads over all the plots were affected by soft rot (data not shown). In 2000, a wet year, 'Kasumi' and 'Blues' had 58.4% and 56.5% plant loss from soft rot, respectively, which was significantly (P < 0.05) higher than all other cultivars tested, except 'Cha Cha' (47.5%, Table  2 ). 'Blues', 'Kasumi', and 'Cha Cha' had the highest levels of soft rot in 2001 (Table 2) . 'Orange Queen' had above average loss from soft rot in 2000 and 2001 (36.8% both years). Cultivars with less than 10% loss from soft rot in 2000 were 'Yuki' (4.1%), 'Manoko' (5.2%) and 'Summer Top' (7.9%), and in 2001 were 'Spring Flavor' (6.8%), 'Ohken 75' (8.2%), 'Yuki' (9.1%), and 'Summer Top' (9.7%).
Although none of the cultivars tested were immune to bacterial soft rot, there were sufficient differences in z Assessed after 4 weeks in storage at 2 °C (36 °F) and 89% ± 5% relative humidity. y 0 to 5 rating: 0 = no spotting; 1 = trace of spotting on the petiole; 2 = some spots, scattered on the petiole; 3 = moderate level of spotting; 4 = high incidence of spotting; and 5 = extreme incidence of spotting with entire petiole affected. w Fisher's least significant difference (P < 0.05) for values in the same column.
NS,*,** Nonsignificant or significant at P < 0.05 or 0.01, respectively, compared to harvest assessment. z Assessed after 3 to 4 weeks in storage at 2 °C (36 °F) and 89% ± 5% relative humidity. y 0 to 5 rating: 0 = no spotting; 1 = trace of spotting on the petiole; 2 = some spots, scattered on the petiole; 3 = moderate level of spotting; 4 = high incidence of spotting; and 5 = extreme incidence of spotting with entire petiole affected. w Fisher's least significant difference (P < 0.05) for values in the same column.
NS,*,** Nonsignificant or significant at P < 0.05 or 0.01, respectively, compared to harvest assessment.
VARIETY TRIALS
cultivar susceptibility to suggest resistance as a useful method of control. Fritz and Honma (1987) , Kikumoto (1981) and Togashi (1981) also reported growing resistant cultivars as an effective method of controlling soft rot in chinese cabbage. PETIOLE SPOTTING. The influence of cultivar, assessment time and their interaction were highly significant (P < 0.01) in 1999 and 2000 for number of spotted leaves and petiole spotting rating. Consequently, the results are presented individually for harvest and storage assessments each year (Tables 3  and 4) .
Petiole spotting started on the midribs of the outer head leaves and progressed inwards, depending on the cultivar and severity of the disorder. After 3 to 4 weeks of cold storage at 2°C and 89% ± 5% relative humidity, the number of spotted leaves generally increased and in some cases the number of spots also increased (higher rating). The number of spotted leaves increased during the storage period for most cultivars in 1999 (Table 3) and for all cultivars except 'Cha Cha' in 2000 (Table 4 ). The mean number of spotted leaves per head for all cultivars increased from 5.0 to 16.9 in 1999 (Table 3) and from 16.9 to 34.8 in 2000 (Table 4 ) from harvest to the end of the storage period. The mean petiole spotting rating either remained the same or increased during the storage period. Phillips and Gersbach (1989) also reported that the number of spotted leaves and intensity of petiole spotting increased during cold storage at 1 °C (33 °F), reaching a peak between 14 and 28 d of storage.
In 1999, 'Ohken 75', 'Spring Flavor', 'Yuki', 'Optiko', 'Akala' and 'Summer Top' had only trace amounts of petiole spotting at harvest with ratings ranging from 0.05 to 0.18 (Table  3 ). These cultivars also had the fewest spotted leaves, ranging from 0.6 to 5.2 spotted leaves per head. However, 'Optiko', with 5.2 spotted leaves did not differ significantly from 'TSX 4112' and 'Manoko' with 6.5 and 8.1 spotted leaves per head, respectively. 'Blues' had the most spotted leaves (13.8), which accounted for about 30% of the head leaves by weight with petiole spotting (data not shown). After storage, all cultivars except 'Blues' and 'Manoko' had only trace levels of spotting with ratings from 0.09 to 0.43 (Table 3) . 'Ohken 75' and 'Yuki' had the fewest number of spotted leaves (2.6 and 2.8, respectively) after storage.
In 2000 and 2001, the number of spotted leaves and petiole spotting ratings were generally higher compared to 1999 (Tables 3 and 4 ). This could be due to the better growing conditions and increased availability of soil nitrogen during the growing seasons of 2000 and 2001. High nitrogen fertilizer applications, especially as side dressing after head formation, are thought to contribute to the petiole spotting disorder (Takahashi, 1981; Phillips and Gersbach, 1989) .
'Akala', 'Ohken 75', 'Spring Flavor', and 'Yuki' had only trace amounts of petiole spotting in 2000 and 2001 with ratings from 0.18 to 1.17, depending on cultivar and year (Table  4) . Cultivars with moderate petiole spotting ratings (>3) were 'Manoko' and 'Kasumi' at harvest in 2000 and 2001, respectively, and 'China Express', 'Nikko', and 'Optiko' after storage in 2000. In 2000, 'Akala' had the fewest spotted leaves at harvest (0.3 spotted leaves per head), which increased to 32.1 after storage. 'Ohken 75', 'Spring Flavor', and 'Yuki' had from 8.0 to 14.1 leaves with petiole spotting at harvest, which increased to 20.3 to 24.7 leaves with spotting after storage in 2000. The largest number of spotted leaves in 2000 occurred on 'TSX 4112' with 54.9 spotted leaves per head after storage. This represented over 80% of the head leaves by weight with petiole spotting (data not shown). In 2001, 'Ohken 75' and 'Yuki' had the fewest spotted leaves (6.6 and 10.2 per head, respectively), which represented 19.4% and 16.6%, respectively, of the spotted leaves by weight. All other cultivars had over 50% of their leaves by weight with spotting (data not shown).
Differences in cultivar susceptibility to petiole spotting were reported in Japan (Takahashi, 1981) and Australia (Phillips and Gersbach, 1989) , however, most of the cultivars tested were different from those commonly grown in North America. Phillips and Gersbach (1989) reported 'China Pride' as tolerant to petiole spotting and 'Kasumi' as highly susceptible. In the present study, 'China Pride' had lower petiole spotting ratings compared to 'Kasumi', however, the number of spotted leaves at harvest was not significantly different.
Petiole spotting occurred to some extent on all cultivars tested. However, in locations where this disorder is a problem, cultivars may be selected, which have a low level of petiole spotting (rating <3).
Conclusions
Chinese cabbage growers prefer cultivars with good horticultural characteristics, quality and yield and those that are resistant to soft rot and petiole spotting. Yield may be reduced from destructive diseases such as bacterial soft rot, which destroys the whole plant. However, a disorder such as petiole spotting, while not directly affecting yield, will reduce the quality and marketability of the product.
Although environmental conditions affected the performance of cultivars from year to year, cultivars were identified that consistently had low levels of bacterial soft rot and petiole spotting. 'Yuki', 'Manoko', and 'Summer Top' had less than 10% plant loss from bacterial soft rot in 2000 and 2001. 'Akala', 'Ohken 75', 'Spring Flavor', and 'Yuki' had relatively low levels of petiole spotting over the 3 years tested. With both diseases considered, 'Yuki' provided the best overall level of resistance. Strategies for field control of soft rot in chinese cabbage have been developed (Ontario Ministry of Agriculture and Food, 1996) . However, for petiole spotting, although field strategies for control have been investigated (Warner et al., 2002) , the optimum storage conditions may require elaboration as the spotting disorder increased for most cultivars.
